Objective: The present study projected to the synthesis of 3b-Hydroxy-lup-20(29)-en-28-oic acid analogues in order to evaluate their possible biological activity. In addition, the structure-activity relationship is also investigated. Method: BA derivatives were prepared by conjugating 3b-Hydroxy-lup-20(29)-en-28-oic acid with different amines through carbomyl linkage. Structures of synthesized compounds were elucidated by spectral data. Cytotoxic evaluation was done by CAM assay and MTT assay. Results: Among the synthesized compounds, Compound 7showed a pronounced cytotoxicity in antiangiogenic assay as well as compound ECV-304 cell line. Compound 10 also showed good cytotoxic activity. While compounds 6 and 8 showed moderate activity against A-549 and MCF-7 respectively. Conclusion: It is concluded that synthesized BA analogues are biologically active and developed into useful anticancer agents.
INTRODUCTION
3b-Hydroxy-lup-20(29)-en-28-oic acid (BA) is a derivative of Lup-20(29)-ene-3β,28-diol which has been tested previously against various cancer cell lines. 1, 2 In a few recent years' researchers have added cytotoxic effect of BA against non-melanoma human cancer arrays because of two main advantage of this promising chemotherapeutic molecule which includes its selective cytotoxicity against tumour cells and its effectiveness at doses up to 500 mg/kg of body weight in treatment of HIV infection and cancer. 3, 5 Apoptosis irrespective of their p53 status in cancerous cells is thought to be the basic principle behind anti-cancer property of BA but only a few scientists has tested it against angiogenesis. [6] [7] [8] [9] However, among the known angiogenesis inhibitors, natural compounds such as 2-methoxyestradiol, Taxol, sulfated carbohydrates or triterpenoids have shown a tremendous potential as antiangiogenic agents. [10] [11] [12] Angiogenesis or Neo-vascularization is a complicated progression or development of microvascular networks by means of red blood cell perfusion. Neo-vascularization differs from angiogenesis in that angiogenesis is mainly illustrated by the projection and consequential growth of capillary buds and nurture from previously existing blood vessels. It is one of the important physiological processes such as lesion curing along with various other diseases like cancer. Therefore, angiogenesis is marked as a potential target for evaluating newer antitumour agents. Angiogenesis is stimulated by numerous angiogenic proteinaceous factors for example fibroblast growth, Vascular endothelial growth factor (VEGF), angiopoietins (Ang1 and Ang2), matrix metalloproteinase (MMP), Delta-like ligand 4 (Dll4) etc. Some of the interesting candidates that acts as antiangiogenic agent are BEVACIZUMAB which binds with VEGF, ITRACONAZOLE inhibits VEGFR and PROLACTIN (PRL) interacts with inhibit FGF and VEGF. SEMAXANIB is an inhibitor of the Flk-1/KDR and vascular endothelial growth factor (VEGF). Till date only a small number of anti-cancer agents has good therapeutic effect against both tumour cells and are potentially efficient as angiogenesis inhibitors. 13 Also other antimitotic agents and inhibitors of tubulin polymerization such as colchicine, vincristine inhibited angiogenesis in the CAM-assay.
14 However, they also inhibited the VEGF (vascular endothelial growth factor) induced corneal vascularization in rat, in contrast to paclitaxel, which also act on tubulin. 15 Here we have inspected the effectiveness of Lup-20(29)-ene-3β,28-diol, BA and BA derivatives against angiogenesis by utilizing structure-activity studies to develop BA analogues as antiangiogenic and anticancer agent (2, (4) (5) (6) . In the present study the antiangiogenic activity of BA (2) and its synthetic analogues (3−9) was evaluated in the CAM (chorioallantoic membrane) assay, an in vivo model for angiogenesis as well as MTT assay. 16 Even though there is an extensive choice of cytotoxic mediators used to treat different cancers, such as cisplatin, bleomycin and doxorubicin they were found to have various shortcomings in their consumption and are not as proficient as anticipated. 17, 18 Hence, there is a great need to find new therapeutic agents to counter the cancer. Hence, we evaluated the effects of newly synthesized compounds on MCF-7, A-549 and ECV304 cells growth.
MATERIALS AND METHODS
All synthesized compounds were characterized by their IR and 1 H-NMR spectra. IR spectra were obtained on a Shimadzu 8400S FT-IR spectrometer (demountable cell). 1 H-NMR spectra were recorded on 500 MHz Synthesis and Biological Evaluation of some 3b-hydroxy-lup-20(29)-en-28-oic Acid Derivatives dpx using TMS as internal standard in DMSO, CDCl 3 . Melting points were determined by VEEGO melting point apparatus (Model-VMP-D/DS) and are uncorrected. Thin layer chromatography (TLC) plates (silica gel G) were used to confirm the purity of commercial reagents used, compounds synthesized and to monitor the reactions as well. Solvent systems; petroleum ether: ethyl acetate in ratio 4:1, CHCl 3 : MeOH (9:1) were used to run the TLC and n-Hexane: ethyl acetate in a ratio of 9:1 for chromatography purpose. The spots were located under iodine vapors/UV light. In-vivo and in-vitroctotoxicity analysis was done using CAM assay and MTT assay kit on on MCF-7, A594 and ECV304 cell lines.
Synthesis of Compound 3
The reaction mixture comprising the 3b-Hydroxy-lup-20(29)-en-28-oic acid (0.01 mol), boron trifluoride etherate (BTE, 0.1 mol depending on the number of carboxyl groups in the acid), and the appropriate amount of ethanol (ten times in excess of the boron trifluoride etherate) was taken in an RBF. Then the mixture was heated at reflux for a period of time not exceeding 20-24 h. The esters are precipitated by dilution with a 5% solution of sodium carbonate, followed by extraction with ether and purified by crystallization with appropriate solvent (CHCl 3 : MeOH) to afford pure compound 3.
Synthesis of Compound 4
Equimolar quantity (10 mmol each) of 4-Nitrophenylchloroformate and 3b-Hydroxy-lup-20(29)-en-28-oic acid (2) was added slowly with a continuous stirring to the mixture of anhydrousacetonitrile (15 ml) and triethylamine (Et 3 N, 1g) at room temperature. The mixture was then left to stir for one and half hour, during this time triethylamine hydrochloride (Et 3 N) settles down. Then 20 ml ethyl acetate (EtOAc) was added to the mixture previously rinsed three times. The organic layer was dried over anhydrous magnesium sulphate (MgSO 4 ). The mixture was filtered to remove magnesium sulphate (MgSO 4 ). Solid product residue was obtained as compound 4.
Synthesis of Compound 5-10
2-(piperazin-1-yl) ethanol (0.0196 mL) and the appropriate amine were taken and was stirred at 0 to -5°C for 20 min. The mixture was then subjected to Sodium hydroxide (1.0 mmol) and methanol 40 ml were added to a stirred solution in THF (20 ml). The solution was stirred approximately 6 hr at ambient temperature until compound 5 had been converted to baseline product. Solvents were removed under reduced pressure (≤20°C) and the crude material was subjected to dichloromethane /water (CH 2 Cl 2 /H 2 O) extraction. Ice was added and the pH was carefully adjusted to ≈3 by drop-wise addition of 1% HCl (aq). Washing of aqueous layer was done with dichloromethane until the organic layer becomes transparent to UV. The combined organic layers were dried by anhydrous sodium sulphate (Na 2 SO 4 ), and then filtered. Volatiles were evaporated under reduced pressure (≤20°C) to give 5 (120 mg). The synthesis of compounds 6-10 was performed according to the same procedure as for 5 using appropriate amines.
Biological Evaluations Chorioallantoic Membrane (CAM) Assay
CAM assay is routinely used as a preliminary method to determine antiangiogenic effect of a compound. This assay is based upon the formation of a chorioallantoic membrane, in which neovascularization takes place, in fertilized chicken eggs at a certain stage of the development of the embryo. Agarose pellets impregnated with the test compound are placed onto the vascular membrane of opened eggs, and the influence on angiogenesis is evaluated. For assay purpose the fertile chicken eggs were procured from Local hatchery, JWALAPUR, HARIDWAR. Twelve eggs were used per experiment to test one compound as a given dose. The eggs were fertilized at 37 o C and 80% relative humidity in ideal conditions. The shells of eggs were cleaned with 70% EtOH to avoid infections. After 72 hrs 8-10 ml of albumin was removed with a syringe at the lower side of the egg, and the hole was sealed with tape. Subsequently the upper part of the shell was removed, and the eggs were covered with a plastic film and incubated for another 72 hrs. At this point of time, when the diameter of CAM is between 1.8 and 2.6 cm, the pellets containing the test substances were placed on the CAM. Test substances were first dissolved or suspended in smallest quantity of DMF and afterwards mixed with 2.5% agarose solution. After gel formation, the volume of agarose gel corresponding to the dose of the test compound to be applied to the CAM was taken by means of a micropipette for viscous solutions. Therefore, the agarose pellets do not have a uniform size. The half-coneshaped agarose pellets are fixed because they slightly sink into the CAM. After 24 hrs the antiangiogenic effect was measured after addition of cream as a contrast fluid, by means of a stereomicroscope, by observing the avascular zone surrounding the pellet. Antiangiogenic activity is expressed as a score where 0=no or weak effect, 1=medium effect, and 2=strong effect (capillary free zone is at least twice as large as the pellet). Also membrane irritation and embryotoxicity can be evaluated. Β-1,4-galactan sulfate (LuPS S5) with an average molecular weight of 20000 was used as positive control 46 and an agarose pellet as a blank.
Cell Proliferation Assays
Add 10 µL of the 12 µM MTT stock solution to each well. Include a negative control of 10 µL of the MTT stock solution added to 100 µL of medium alone. Incubate at 37°C for 4 hrs. The incubation time can be shortened to 2 hrs at high densities (more than 100,000) cells per well. Add 100 µL of the SDS-HCl solution to each well and mix thoroughly using the pipette. Micro plates were placed for incubation at 37°C for 4 hrs in a moistened chamber. The sensitivity of the assay will get decrease over long incubation period. Mixing of each sample was repeated using a pipette and absorbance was observed at 570 nm.
RESULTS

Chemistry
Based on the reaction between compounds containing hydroxyl groups, 3b-Hydroxy-lup-20(29)-en-28-oic acid (2), 4-nitrophenyl chlorformate and appropriate amines (i-v) we have synthesized some novel derivatives of 3b-Hydroxy-lup-20(29)-en-28-oic acid (5-10). For this purpose, the hydroxyl group of 2 was subjected to 4-nitrophenyl chlorformate to give compound 4. The compound 4 was further exposed to various amines to obtain compounds 5-10. Ethyl carboxylate derivative of 3b-Hydroxylup-20(29)-en-28-oic acid (2) has been synthesized from 3b-Hydroxylup-20(29)-en-28-oic acid. The 3-OH group of compound 3 is substituted with 4-nitrophenyl chlorformate in the presence of TEA and CH 2 Cl 2 to yield compound 4. The nitro phenoxy group at the C-3 position is replaced with various appropriate amine (R) in the presence of CHCl 3 , giving 5-10 (Scheme 1). All compounds were obtained as in a good yield. All the compounds were chromatographed with ethyl acetate-n Haxane (1:9) to obtain pure compounds. The synthetic organic methods followed in preparing the compounds in series 3-10 are sketched in Scheme 1.
Physical and spectral data of synthesized compounds 3b-hydroxy-28-norlup-20 (29) 
3-((4-nitrophenoxy)carbonyl)oxy-lup-20(29)-en-28-oic-acid (4)
MpAgarose pellet 0.1 ± 0.1 (n =10) -- -- -- b14g50 (2.5 nmol) 1.4 ± 0.1 (n =10) -- -- --
Biological Activity
All the compounds were evaluated for their antiangiogenic activity. b14g50 was used as standard drug for antiangiogenic activity. The observed antiangiogenic ac activity of the compounds and reference rug s are given in Table 1 . Compound 3, the acetate derivative of 3b-Hydroxy-lup-20(29)-en-28-oic acid methyl ester, showed an antiangiogenic score of more than 1.5 and compound 2 was evaluated at 20µg/pellet and revealed good antiangiogenic property with a score 1.8. Substitution on the parent compound reduced the antiangiogenic activity. Indeed, in the same series of 3b-Hydroxy-lup-20(29)-en-28-oic acid demonstrated the most potent inhibition of angiogenesis. Since the proliferation of endothelial cells is involved in angiogenesis, the antiangiogenic effect of the agents may be related to their anti-proliferative action on endothelial cells. Compound 2 can be regard as a lead for antiangiogenic agents, which deserve further exploration.The observedantiangiogenic effects of the compounds are summarized in Table 1 . All the compounds [5] [6] [7] [8] [9] [10] were evaluated for in-vitro cytotoxic activity of the 3b-Hydroxy-lup-20(29)-en-28-oic acid derivatives on three different tumour cell lines: ECV304, A594, MCF-7 was studied by MTT assay in triplicate. The compounds showed anticancer activity in a dose dependent manner against selected cell lines. The observed inhibitory concentration values of 50 % inhibition are summarized in Table 1 . From the results of antiangiogenic and cytotoxic screening, it was observed that among the various compounds, 3,4-difloro-aniline derivative 10 exhibited leading activity over the series. Results of anticancer screening are shown in Table 1 and graphical representation of comparative study for comparative study for effect of compounds on MCF-7, A594 and ECV304 cell lines by MTT assay are shown in Figure 1 . All the screened compounds showed apparent anticancer activity, against selected cell line, with IC 50 in range from 08.35 to 61.85 µM on different tumour cell lines except compounds 8 (IC 50 =61.85 µM) on A-549 cancer cell line. In the study Compound 7 and 10 were found most active compound among synthesized derivatives against tumour cell lines used. The best activity of 3,4,5-trimethoxyBA derivative (7) and 3,4-difluorophenyl-BA derivative(10)was observed on ECV-304 cell line (IC 50 =08.35 and 10.90 µM respectively). Remarkably, the 3b-Hydroxy-lup-20(29)-en-28-oic acid derivatives 07 was also found most active against in CAM assay. In overall performance Compounds 6 and 8 showed good activity on A-549 and MCF-7 cell lines. While in most of the cases the heterocyclic BA derivatives 5, 6, and 9 show mild activity as compared to 3b-Hydroxylup-20(29)-en-28-oic acid derivative 7 and 10 on the investigated tumour cell lines. A variation of secondary -OH group at 3 rd position with heterocyclic urethanes may be designated as the cause for reduced activity in compound 5-10. Alternatively, replacement of hydroxyl group with phenyl urethane yields most cytotoxic derivatives. The owing the rigidity of aromatic group may lead to the loss of activity in phenyl urethanes derivatives and on the other end it can be assumed that introduction of a bulkier groups onto lead to inactive molecules.
CONCLUSION
In conclusion, we have demonstrated the preparation of novel derivatives of 3b-Hydroxy-lup-20(29)-en-28-oic acid and the derivatives were evaluated for antiangiogenic and in vitro anticancer activity on three cancer cell lines. Compounds 7 and 10 were established utmost cytotoxic between the derivatives synthesized. Furthermore, compounds 7 exhibit a good mark of in-vitro stability. Thus the results show that synthesized compounds possess antiangiogenic and anticancer activities. The synthesized compounds were obtained in suitable yields Structure activity relationship shows that the cytotoxicity was decreased after introducing bulkier groups at 3-hydroxy group of 3b-Hydroxy-lup-20(29)-en-28-oic acid (2) . This study reveals that modest alterations in the 3b-Hydroxylup-20(29)-en-28-oic acid can be done to yield numerous extremely potent derivatives, which may lead to generation of more effective treatment of cancer. Although, there is great need of large number of derivatives for structure activity relationship (SAR) in the way to design and synthesis novel effective 3b-Hydroxy-lup-20(29)-en-28-oic acid analogues as antitumor agents. However, additional studies are required to establish the mechanism of action.
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